INTRODUCTION
The genes coding for the variant specific antigens (VSAs) in African trypanosomes are subject to sequence rearrangements (2) (3) (4) (5) (6) . In some cases the rearrangement seems not to be linked to expression and no gene amplification is involved (2, 6) . In other cases a "basic" copy (BC) of the gene is duplicated, and the additional or "expression-linked" copy (ELC) is transposed to a new site (3, 4, 5) , where it is transcribed (7). In two different models which can account for this last observation, the transcription promoter is either present in the BC and would be activated only after transposition, or it is provided by the expression site. We have previously demonstrated (8) that, in the case of AnTat 1.1 and 1.8 from T. b. brucei, the transposable element (TE) is larger than the mRNA or the full-length cDNA. A similar situation has been described for another stock of T. b. brucei (1) . These observations have been extended to the three AnTat 1.8 isotypes: LiTat 1.6, AnTat 12.2 and AnTat 3.3, from T. b. gamblense, T. b. rhodesiense and T. evansi, respectively (9, 10) . It implies that in all these cases, an extra stretch of DNA is duplicated and transposed together with the messenger sequence. If the second model for gene activation is correct, one may thus expect to find a RNA precursor larger than the mature mRNA, which includes transcripts of the cotransposed sequence.
We present here the characterization of the BC, the ELC and the expression site of the LiTat 1.6 gene. We bring evidence that the TE extends about 1 kb upstream from the gene, up to a repetitive element in the BC. Probes corresponding to the 5' region of the TE do not recognize the mature mRNA but reveal transcripts both larger and smaller than this mRNA. It is inferred that the LiTat 1.6 gene could be transcribed in a large precursor which would be rapidly processed.
MATERIAL AND METHODS
Trypanosomes. Cloned populations of variant-specific antigen types (VATs) DNA isolation was carried out as desribed (8) . Total RNAs were prepared by the LiCl/urea procedure (12, 13) . The poly(A)+ RNAs were isolated and purified by two passages on oligo(dT)-cellulose (14) . The RNAs were size fractionated by gel electrophoresis under denaturing conditions (15) and transferred onto cellulose nitrate according to Thomas (16) .
Cloning of the LiTat 1.6 specific sequences. Partial Sau3A digests of DNA purified from variant LiTat 1.6 were size fractionated on 0.6% low melting point agarose gels (13) , and fragments between 15 and 20 kb were cloned in the BamHI sites of A 1059 as described in (17) . Screening was done with a *P-labelled probe obtained by nick-translation (18) of the 1170 bp PstI fragment of the cloned AnTat 1.8 cDNA (13) . Clones harboring characteristic internal fragments of the LiTat 1.6 BC (9) were selected. In addition, we cloned two LiTat 1.6 related sequences, but were unable to clone the LiTat 1.6 ELC.
Probes. Specific parts of the LiTat 1.6 cloned sequence were isolated by at least three rounds of preparative electrophoresis on low melting point agarose, as described earlier. Fragments were P-labelled by nick-translation (18) and the specificity of each probe was checked by back-hybridization with a mixture of all the fragments.
Hybridization of the probes with "Southern" or "Northern" blots was performed as described (8) . The RNA/DNA hybrids were usually washed in 0.6 M NaCl, 0.06 M Na citrate, 0.1% Na dodecyl sulphate at 42°C, but in some instances more stringent conditions were applied (see text). DNA/DNA hybrids were always washed in 15 mM NaCl, 1.5 mM Na citrate at 65°C.
RESULTS
The BC of the LiTat 1.6 gene, as well as two related sequences, were cloned in the BamHI sites of^1059 after partial Sau3A digestion and sizefractionation of the genome. The restriction map of the BC, included within a 19 kb genomic sequence, is presented in figure 1A . This sequence is the actual gene and not a related member of the LiTat 1.6 family: firstly it is the only one containing the 3 1 PstI site also found in the isotypic AnTat 1.8
cDNA (9, 19) ; secondly, this PstI site defines the 3' limit of the 2. Using stringent washing conditions, we found no cross-hybridization between these different repeated sequences, in any of all the possible cross-reacting combinations (data not shown). brucei. These sequences could correspond to recognition stretches involved in recombination with the expression site (1, 19, 20, 21) . In addition, we found repeated sequences about 2.5 to 3 kb outside both ends of the TE in the BC clone. The meaning of this observation is unclear.
The mapping of at least 8 different restriction sites at the same locus, Of the two LiTat 1.6 related sequences we have studied, one appears to be remarkably similar to the BC, along most of the TE as well as outside the TE.
Differences, both in restriction sites and cross-hybridization, have been noticed only in the two regions corresponding to those flanking the TE.
Despite its overall similarity with the BC, this sequence seems not to be used for the synthesis of any LiTat 1.6-like VSA in trypanosomes stocks lacking the LiTat 1.6 BC: a close correlation has indeed been found between the presence in the genome of the LiTat 1.6 BC (but not LiTat 1.6 related Sequences) and the detection of a LiTat 1.6-like VAT in the repertoire (22) .
It would thus appear that this sequence is never or only rarely used to synthesize a VSA of the same serological specificity as the LiTat 1.6 antigen.
This could be correlated with alterations in sequences flanking the TE. We have shown that repeats are present in these regions in the BC; alteration in the repeats could prevent the specific recognition of the expression site, rendering the related sequence untransposable and thus unexpressed. It is however possible that despite its homology with the BC, this sequence could encode a VSA serologically unrelated to LiTat 1.6.
The LiTat 1.6 mRNA is about 2.1 kb long, including its poly(A) tail; the length of its transcribed part should be around 1.9 kb, considering that this sequence is similar to the AnTat 1.8 gene (9), whose full-length cDNA is 1.85 kb long (13) . Since the length of the LiTat 1.6 TE is between 3.0 and 4.2 kb, a sequence of at least 0.9 to 2.1 kb is cotransposed in front of the gene.
The most probable estimate of the LiTat 1.6 TE length should be just above 3 kb: indeed the additional copy cannot be seen with the 5' 1.05 kb PvuII-MspI probe, and it is revealed with the 0.25 kb MspI-PstI one ( fig. 3 ). Therefore most of the 1.4 kb PvuII-PstI sequence, upstream from the Mspl site, is not represented in the TE. That the TE length exceeds the mRNA size has also been observed for other VSA genes (1, 8) .
Using two genomlc probes derived from the 5 1 section of the TE, we found no hybridization of these probes with the mature mRNA, thus confirming that a non-messenger sequence is cotransposed in 5', upstream from at least most of the messenger sequence.
With the same probes, we detected three RNAs distinct from the LiTat 1. has not been found in any of the VSA genes studied so far (19, 20, 32, 33) . It is improbable that the 1.45 and 0.85 kb RNAs could encode proteins necessary for the expression of the gene: indeed they are transcribed from the 5' cotransposed sequence, which either differs or is not transcribed in the LiTat 1.6 isotypes and therefore does not seem to be essential for the expression of VSA genes. Finally, we do not exclude that a short 5 1 initial section of the mRNA could be transcribed from the expression site. In this case the cotransposed sequence would be intronic, at least in the ELC.
3) There is a promoter just in front of the gene in the TE, which is only activated by transposition, controlling the synthesis of the 2.1 kb mRNA. . Diagrammatic representation of a hypothetical LiTat 1.6-specific mRNA processing. A pre-mRNA, 4.2 kb after polyadenylation, is transcribed from a promoter possibly located upstream from the transposition site. The TE should be between 2.75 and 3.15 kb long, a value in accordance with the most probable estimate (just above 3 kb). This pre-mRNA is rapidly processed into mature mRNA (2.1 kb, including the poly(A) tail) and at least two other fragments, one of which (1.45 kb, including poly(A)) is detected by TE probes. This 1.45 kb transcript is then cleaved in pieces, at least one of which (0.85 kb, including poly(A)) is detected by TE probes. The open box represents the DNA sequence covering the mRNA length; the thick line represents the TE, with uncertain ends. The size of the poly(A) tail has been estimated to be about 0.2 kb, on the observation that the AnTat 1.8 mRNA is about 2.05 kb long (8) , whereas the full length of the AnTat 1.8 cDNA is approximately 1.85 kb (13) . P, PstI; S, Sail; p, promoter; ES and BC, sequences from the expression site or copied from the basic copy, respectively, and engaged in transcription.
Another promoter is located in the expression site about 4 kb upstream from the last one, giving rise to the synthesis of a large 4.2 kb transcript from which the small transcripts are derived. One may speculate that the transcription of these RKAs could activate the gene promoter, although their sequence per se is probably not crucial for gene expression, for reasons given in scheme 2.
In any one of these models, the presence of a promoter is postulated in the expression site. If the gene is activated by transposition of a copy beside the promoter, this model of DNA rearrangement would appear to differ from that of the mating type expression in yeast, where the equivalent of the BC (HMR or HML) is actively maintained silent by the product of a gene (SIR) (34, 35) .
